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Specification 

1. Title of Invention 

Optical transceiver device 

2. Claims 

1 . An optical transceiver device, comprising a large-diameter light-receiving lens, 
comprising a light-receiving element on the optical axis; a plurality of small-diameter 
light-transmitting lenses, positioned in a ring shape on the periphery of said light- 
receiving lens, and each comprising a light-emitting element on the optical axis of each; 
and, a signal transmission/reception device connected to said light-receiving element and 
light-emitting elements. 

2. The optical transceiver device according to Claim 1, characterized in that said 
signal transmission/reception device is a data transmission circuit which delivers data 
signals to said light-emitting elements and a data reception circuit which receives output 
from said light-receiving elements. 

3. The optical transceiver device according to Claim 1, characterized in that said 
light-receiving element is a position sensor having four output terminals, to detect shifts 
from an origin in the horizontal or vertical directions of the image- formation point due to 
the light-receiving lens. 

4. The optical transceiver device according to Claim 3, characterized in that said 
signal transmission/reception device [comprises] a collimating servo device which 
deflects the optical axis of said light-receiving lens in the vertical and horizontal 
directions based on the output of said position sensor, to collimate the optical axis on the 
remote station, and a modulator to send servo light modulated at a prescribed frequency 
from said light-emitting elements to the remote station. 

5. The optical transceiver device according to Claim 4, characterized in that said 
light-emitting elements are divided into two groups, and that said signal 
transmission/reception device comprises said modulator, which provides servo 
modulation signals to one of said groups of light-emitting elements, and a data 
transmission circuit, which supplies transmission data signals to the other of said groups 
of light-emitting elements. 

3. Detailed Description of the Invention 

Industrial Field of the Invention 

This invention relates to an optical transceiver device, and in particular to an 
optimal [device] which is optimal for use in automatic collimation-type optical data 
communication equipment or automatic collimation-type range-finder equipment (optical 
distance-measurement equipment) comprising a collimating servo device to collimate the 
optical axis of an objective lens with a remote station. 

Summary of the Invention 

[A plurality of] small-diameter light-transmitting lenses are arranged in a ring 
shape on the periphery of a large-diameter light-receiving lens, to increase the amount of 
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light transmitted and the light-receiving ability, and to reduce the degree of parallelism of 
the transmission and reception optical axes, in a compact optical transceiver device with 
longer optical transmission and reception distances. 

Prior Art 

In civil engineering, harbor engineering, coastal engineering and other areas, a 
system is required to measure, from a fixed position, the position or distance of a 
bulldozer, dredging ship, ship berth, or other mobile object. 

In the past, systems have been known which provide optical distance- 
measurement equipment at either the fixed position or the mobile object, and a reflector 
(a corner-cube prism or similar) at the other, and use an automatic collimating method to 
cause the optical axes to coincide, so that even if the berth or other mobile object moves, 
position measurement can be performed without difficulty (see for example Japanese 
Utility Model Publication No. 59-8221). 

Publicly-known automatic collimating-type optical distance-measurement 
equipment comprises a servo system which has a collimating servo optical axis parallel to 
the optical axis of the distance-measurement device; collimating servo light from the 
measurement point is received by a light-receiving element split into four parts (a 
photodiode or similar with light-receiving surface divided into four quadrants, 
horizontally and vertically), the output is fed back to horizontal and vertical deflection 
motors, and the servo light is made to form an image at the origin of the light-receiving 
element. 

Distance data from distance-measurement equipment is used at a ship berth, so 
that normally a configuration is adopted in which the distance-measurement equipment is 
placed at the ship berth, and a reflector is placed on the land side. 

If a corner-cube prism is used as the reflector, then even if fluctuations as great as 
30° in the optical axis of the prism occur, the optical path between distance-measuring 
equipment and reflector, and the reflection optical path, will not change at all. Hence if a 
configuration is adopted in which a corner-cube prism is placed on the ship berth side, 
and distance-measuring equipment is placed on land, stable distance measurement can be 
performed without influence from the pitching and rolling of the ship. However, in this 
case the distance measurement data on the land side must be transmitted to the ship berth 
side. 

In addition, measurement data, air temperature, air pressure, and other 
meteorological correction data and similar must be transmitted from the ship berth side to 
the land side, or vice-versa. Also, when the operating equipment on the ship berth or 
elsewhere is unmanned, position control calculated based on position-measurement 
values, and instruction data for operation control, must be transmitted to the unmanned 
equipment. 

Thus data transmission has been indispensable for a precise marine operating 
system; however, provision of a communication channel and signal 
transmission/reception equipment specifically for this purpose would be extremely costly. 
However, it is possible that an optical path for a collimating servo may be utilized as an 
optical data communication channel. 
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Problems to be Solved by the Invention 

Among optical data transceiver devices and automatic collimating optical 
transceiver devices such as described above, devices are known in which the transmission 
optical system and reception optical system are positioned with the same axis, and in 
which the two have two parallel axes. In the former case, the objective lens (focusing lens 
for light reception) and the collimator lens for light transmission are a single lens, and 
only a single lens barrel is needed, so that such a design is suitable for compact, 
lightweight equipment. However, the optical axis must be divided into light-transmission 
and light-reception [axes] behind the lens, and a semi-transmissive mirror or other 
analysis means with large insertion loss becomes necessary; also, if the light transmission 
output is increased, obstruction due to stray light in the lens barrel tends to occur. Hence 
such a device is not suited to optical transmission and reception over long distances. 

On the other hand, in a dual parallel-axis design the lens barrels are separate, so 
that there is no obstruction due to stray light even if the optical transmission output is 
increased, and the optical reception efficiency is also good, so that in principle optical 
transmission and reception over long distances is possible. 

However, a dual parallel-axis design is larger and heavier, and lacking in 
portability. Further, if the transmission and reception optical axes are not made 
completely parallel, the widening between the optical axes due to the angular difference 
between the optical transmission and reception axes increases with increasing distance, so 
that optical transmission and reception between the two stations becomes difficult. If an 
angle of divergence is added to the optical transmission beam, the [requirement] of 
parallelism of the transmission and reception optical axes is relaxed somewhat; but as a 
result of divergence the amount of light at the remote station (receiving side) is greatly 
reduced, so that again it is difficult to transmit and receive light over long distances. 

This invention was devised in consideration of the above problems, and has as an 
object the provision of [a device] which can be configured for compactness and light 
weight, yet enables optical transmission and reception over long distances. 

Means to Solve the Problems 

The optical transceiver device of this invention comprises a large-diameter light- 
receiving lens 13, comprising a light-receiving element 15 on the optical axis; a plurality 
of small-diameter light-transmitting lenses 12, positioned in a ring shape on the periphery 
of the above light-receiving lens 13, and each comprising a light-emitting element 14 on 
the optical axis of each; and, a signal transmission/reception device connected to said 
light-receiving element and light-emitting elements. 

Action 

In a comparatively compact configuration, the light-receiving lens can be made 
large and the light-receiving sensitivity increased, and at the same time the optical 
transmission output can easily be increased. Numerous light-transmitting lenses are 
positioned about the light-receiving optical axis in a concentric circle, so that a single 
averaged light-transmission optical axis can be considered. Even if there is some angular 
deviation between the light-receiving optical axis and the several light-transmitting 
optical axes, the angular deviations are cancelled by averaging over several [axes], and 
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the averaged light-transmitting axis coincides with the light-receiving axis. Hence the 
parallelism of the transmitting and receiving axes may be comparatively low, so that 
manufacturing is facilitated, and the limit to the distance for optical transmission and 
reception is extended. 

Embodiments 

Fig. 1 is a block diagram of the entirety of an optical distance measurement 
system for marine operations, illustrating one embodiment of this invention. Fig. 2 and 
Fig. 3 are front views of the distance-measurement equipment at the land station and the 
ship berth station. Each station comprises an automatic collimating device 2 provided on 
a base 1 ; on the land station is provided an optical distance-measurement device 3, and on 
the ship berth station a reflector 4, forming parallel optical axes with each of the 
collimating devices 2. The optical distance-measurement device 3 comprises an objective 
lens 5 (light transmitting/receiving lens); the reflector 4 comprises a corner-cube prism 6. 

The collimating devices 2 comprise a horizontal support arm 7 which rotates 
freely within the horizontal plane, and a vertical support arm 8 which rotates freely 
within a vertical plane; these are driven by an X-axis gear motor 9 and a Y-axis gear 
motor 10, respectively. On the vertical support arm 8 is mounted an optical 
transmission/reception unit 11, comprising light-transmitting lenses 12 and a light- 
receiving lens 13. LEDs or other light-emitting elements 14 are positioned at the focal 
points of the light-transmitting lenses 12, and a photodiode or other light-receiving 
element 15 is positioned at the focal point of the light-receiving lens 13. The optical 
transmission/reception units 11 of the land station and the ship berth station comprise 
entirely the same optical systems. 

As shown in the front view of the optical transmission/reception unit 1 1 of Fig. 4, 
the light-receiving lens 13 is of comparatively large diameter, and a plurality of light- 
transmitting lenses 12 are arranged on its periphery in a ring shape along a concentric 
circle. Hence weak light transmitted from an extremely distant point can be condensed 
with high sensitivity by the large-diameter light-receiving lens 13. And by transmitting 
light from numerous small-diameter light-transmitting lenses 12, the amount of 
transmitted light can be easily increased. Hence transmission and reception of light over 
long distances is possible using a comparatively compact optical system. 

As the optical transmission and reception distance increases, the angular 
difference between the transmission optical axis and the reception optical axis becomes a 
problem. In this embodiment, numerous light-transmitting lenses 12 are arranged in a 
ring shape about the optical axis of the light-receiving lens 13, so that a single 
transmission optical axis which is the geometric average can be considered. This average 
transmission optical axis coincides with the reception optical axis, so that even if the 
degree of parallelism of transmission and reception is relaxed somewhat, the angular 
differences are averaged, and on average the axis coincidence is increased. Hence even if 
an axis adjustment mechanism or similar is not provided, good long-distance 
performance can be obtained with comparative ease. 

In general a transmitted optical beam has an angle of divergence a expressed by 

a = (area of light-emitting element)/(focal length of light-transmitting lens) 
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Hence numerous transmitted light beams arrive at the remote station as a single light ray. 

As shown in Fig. 4, the light-transmitting lenses 12 are divided into a servo group, 
and a data transmission group (indicated by shading). In Fig. 1, the sinusoidal output (5 
kHz) of an oscillator 1 8 is supplied, via a driving circuit 19, to the light-emitting elements 
14 positioned at the focal points of the respective servo light-transmitting lenses 12. By 
this means, amplitude-modulated collimating servo light passes through the light- 
transmitting lenses 12 and is incident on the light-receiving lens 13 of the collimating 
optical system on the ship berth side, and is focused on the light-receiving element 15 
positioned at the focal point. 

On the other hand, amplitude-modulated collimating servo light is similarly 
transmitted from the light-emitting elements 14 for transmission in the optical 
transmission/reception unit 1 1 on the ship berth side, through the light-transmitting lenses 
12, toward the land station, and is received by the light-receiving element 1 5 via the 
light-receiving lens 13 of the land station. 

The collimating servo light transmitted from the optical transmission/reception 
unit 1 1 of the land station to the ship berth station is reflected by the reflector 4 of the 
ship berth station and returns to the light-receiving system of the [land] station, to 
become an obstructing signal in the servo system. In order to prevent this, the amplitude 
modulation frequency of the collimating servo light at the ship berth station is set to 3 
kHz, differing from the 5 kHz amplitude modulation frequency of the land station. As 
described below, the land station servo system performs frequency selection of the 
received servo signal, responds only to the servo light from the ship berth station (3 kHz), 
and so eliminates obstruction by its own returning light (5 kHz). 

The light-receiving element 15 may for example be a two-dimensional (X-Y 
plane) semiconductor position detection element which detects the position of a light spot 
relative to an origin. This element has a structure in which four electrodes (two X-Y 
pairs) are provided on the four edges of a photodiode having a square light-receiving 
surface, and the electric charge occurring at the position at which the light spot is incident, 
as a photocurrent, is voltage-divided by the resistive layer of the light-receiving surface in 
inverse proportion to the distance to each of the electrodes, and is thus captured by the 
several electrodes. 

In Fig. 1, the outputs of each of the electrodes of the light-receiving element 15 
are frequency-selected (tuned to 3 kHz) by a tuning circuit 20 comprising a tuning 
transformer 20a and a tuning capacitor 20b, then pass through amplifiers 21a to 2 Id, are 
synchronously detected by the detectors 22a to 22d, and converted into DC levels 
corresponding to the position at which light was received. After the four detection outputs, 
as vertical (U,D) and horizontal (L,R) position detection signals, are converted into 
digital signals by an A/D converter 23, they are input via a bus 24 to a microprocessor 
within the system controller 24. 

Within the microprocessor, the X-Y coordinate position of the received light spot 
on the light-receiving surface is calculated from the U, D, L, R position detection data. 
The system controller 25 delivers driving pulses to the motor driving circuits 26X, 26Y 
for each axis based on this coordinate position data, and by this means the X-axis and Y- 
axis gear motors 9, 10 are driven. The servo loop from the light-receiving element 15 to 
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the motors 9, 10 operates such that the received light spot on the light-receiving element 
15 is positioned at the origin of the X-Y coordinates on the light-receiving surface. In the 
state in which the servo system is operating, the optical axes of the collimating optical 
systems of the land station and ship berth station coincide. As a result, the optical axis of 
the optical distance-measurement device 3 of the land station is correctly directed toward 
the reflector 4 of the ship berth station, so that distance measurement is possible. 

A similar collimating servo system is provided at the ship berth station, so that the 
two opposing stations can perform mutual collimation. 

Means are provided for fine adjustment of the direction of the optical axis of the 
collimating device 2 of each station. In Fig. 1, this fine adjustment means is a joystick 27; 
but fine-adjustment knobs may be provided for the gear systems of the motors 9, 10 for 
the X and Y axes. A voltage output corresponding to operation of the joystick 27 in the X 
and Y directions is sent to the system controller 25 via the A/D converter 28, and fine 
adjustment driving pulses are delivered to the motor driving circuits 26X, 26Y from the 
controller 25 to fine-adjust the motors 9, 10. Hence the operator peers through a 
collimating telescope of the optical distance-measurement device 3, for example, while 
operating the joystick 27 to perform collimation with the remote station. When 
collimation is completed, pressing the servo start button causes the above-described 
collimating servo to be started, and thereafter automatic collimation is performed in 
response to rocking and movement of the ship berth. 

Shifts in the optical axis detected by the light-receiving element are displayed by 
a display device 29 connected to the bus 24 of the system controller 25. The display 
device 29 may for example be a CRT, and shows the deviation from the origin of the X- 
axis (horizontal direction) and Y-axis (vertical direction) of the spot 29a in the XY 
coordinate display of the CRT. The CRT bar display 29b shows the total received optical 
level (reception strength) of the light-receiving element 15. 

In the collimated state, when the circuit unit 30 of the optical distance- 
measurement device 3 operates, emission of measurement light at approximately 15 MHz 
(AM) and reception of light reflected from the measurement point are performed by the 
optical transmission/reception unit 31 placed at the focal point of the objective lens 5. 
The difference in phase of the emitted light and received light is measured by the circuit 
unit 3 1 , and based on this the distance between stations is calculated. The distance data is 
transmitted to the system controller 25 via the interface 32 and bus 24, and is then sent to 
the ship berth station via a modem 33. 

The optical transmission path and optical reception path for automatic collimation 
between the land station and ship berth station can also be used as a bidirectional optical 
communication channel. That is, output from the transmission terminal S of the modem 
33 is input to an FM modulator 34, and a carrier at 5.5 MHz is frequency-modulated by 
the transmission data. The FM output is applied to the light-emitting elements 14* for 
transmission via the driving circuit 35. The transmission data light from the light-emitting 
elements 14' is sent to the ship berth station via the light-transmitting lens 12. 

On the other hand, the ship berth station similarly comprises a modem 33 and 
light-emitting elements 14' for transmission; transmission data is transmitted on the light- 
reception servo path of the land station. Here, for reasons similar to those for the above- 
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described collimating servo system, the transmission light FM carrier from the ship berth 
station is at 5 MHz, differing from the 5.5 MHz carrier frequency of data transmitted 
from the land station. By this means, self-crosstalk on the land station side, arising from 
the existence of the reflection optical path of the distance-measurement equipment 3, is 
eliminated. Data transmitted from the ship berth station is, for example, data for 
correction for physical conditions in distance measurement, such as the air pressure and 
temperature. 

Data-carrying light sent from the ship berth station is received, together with 
servo light, by the light-receiving element 15 via the light-receiving lens 13. Data signals 
are separated from servo signals and captured from the anode of the planar diode 
comprised by the light-receiving element 15. Current is provided, via the primary 
windings 37a of a transformer 37, from a power supply line provided with a decoupling 
capacitor 36 to the anode A of the above planar diode. If the inductance of this primary 
windings 37a is approximately 1 jiH, then for a 5 kHz servo signal, the impedance is less 
than 0.03 fi, and the insertion loss can be ignored. Hence by utilizing the decoupling 
capacitor 36, the direct current, unmodulated by the servo frequency, can be supplied to 
the anode A of the light-receiving element 15. 

On the other hand, for a 5 MHz FM data signal, the impedance of the primary 
windings 37a is approximately 30 Q, and the amount of the insertion loss can be 
extracted from the secondary windings 37b. The extracted data signal is delivered to the 
FM demodulator 40 via the amplifier 39. As already explained, in order to eliminate the 
self-crosstalk of the 5 MHz transmission data signal, a tuning capacitor 38 is connected to 
the secondary windings 37b of the transformer 37, and tuned to the 5 MHz reception data 
signal. 

Output from the FM demodulator 40 is input to the reception terminal R of the 
modem 33, and after decoding is sent to the system controller 25. At the system 
controller 25, the received data is used to perform corrections to distance measurement 
data or for other purposes. 

Fig. 5 shows examples of the driving circuits of the LEDs or other light-emitting 
elements 14, 14' connected to the light-transmitting lenses 12. In (A), corresponding to 
the embodiment of Fig. 1, the light-emitting elements 14, 14' divided into groups are 
connected in parallel by groups, and are driven by the oscillator/driving circuit 18, 19 and 
modulator/driving circuit 34, 35. In (B), there is no collimating servo system, for example 
in a case in which data is transmitted and received only between fixed stations; all the 
light-emitting elements 14 are connected in parallel, and each element is driven by the 
output of the modulation/driving circuit 42, which takes as input the transmission data. In 
both cases A and B, the light-emitting elements 14 may be connected in series. 

Fig. 6(A) shows another example of the driving circuit for the light-emitting 
elements 14; transmission data signals and servo signals are supplied to the 
modulation/driving circuit 42, are submitted to multiplexing and modulation, and are 
used to drive the parallel-connected light-emitting elements 14. The servo light (5 kHz 
AM) and data light (5.5 MHz FM) are multiplexed with 50% modulation each in the 
amplitude direction, and are optically transmitted. 
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Fig. 7 shows an LED with lens which can be used as a light-transmitting lens 12 
and light-emitting element 14 in Fig. 1 . This LED comprises a lens 43, and so a plurality 
of such LEDs can be arranged directly in a ring shape about the light-receiving lens 13. 
Commercial products with divergence angles of approx. 5°, 12° and 30° can be obtained, 
so that an appropriate product can be selected according to the distance [and] 
performance required. Combination with a light-transmitting lens 12 may be possible. It 
is also easy to increase the number of light-emitting elements 14. 

Fig. 8 shows another example of arrangement of the optical 
transmission/reception unit lenses. In this example, the objective lens 5 of the optical 
distance-measurement device is arranged in a separate lens barrel alongside the light- 
receiving lens 13 with axes parallel. Small-diameter light-transmitting lenses 12 are 
arranged substantially in a ring shape about each of the lenses 13,5, and are used for 
transmission of servo light and data light. One or a plurality of light-transmitting lenses 
12 may be used for transmission by the optical distance-measurement device (15 MHz, 
AM). 

Fig. 9 shows the optical system for an example in which the servo optical system 
is also the optical system of the optical distance measurement device. The servo light is 
transmitted from a plurality of light-emitting elements 14 via the light-transmitting lenses 
12, arranged in a ring shape. One of the light-emitting elements 14 is used as the light 
source for the optical distance measurement device, and sends light from the light- 
transmitting lens 12 toward the reflector of the ship berth station. Servo light from the 
ship berth station (5 kHz, AM) and distance-measurement light reflected from the 
reflector (15 MHz, FM) are condensed by the large-diameter light-receiving lens 13, and 
an image is formed on the light-receiving element 15 (position sensor), and at the same 
time is incident on the light-receiving element 45 of the optical distance-measurement 
device via a semi-transmissive mirror 44 inserted in the image-formation space. Hence in 
this example, the collimating servo optical system and optical axis of the optical distance- 
measurement device coincide (are common), so that an axis adjustment mechanism to 
render the two optical axes parallel is unnecessary. 

The servo light and distance-measurement light have different modulation 
frequencies, so that by providing means for frequency selection in the processing 
circuitry, mutual interference can be prevented. In order to reduce the insertion loss of the 
semi-transmissive mirror 44, the wavelengths of the servo light and distance- 
measurement light may be divided into, for example, 900 nm and 1 100 nm, and in place 
of a semi-transmissive mirror 44, a wavelength-cutoff filter or dichroic mirror may be 
used which efficiently reflects wavelengths of 1 100 nm and greater, and transmits lower 
wavelengths with no loss. 

Advantageous Result of the Invention 

As explained above, in this invention a configuration is adopted in which 
numerous small-diameter light-transmitting lenses are arranged in a ring shape about the 
periphery of a large-diameter light-receiving lens 13, so that the light-reception 
sensitivity and optical transmission output can both be increased, and optical transmission 
and reception over longer distances is possible, even with a compact optical system. The 
geometric average of the numerous transmission optical axes coincides with the reception 



10 



optical axis, and by averaging over a large number, the [requirement] of parallelism of 
the transmission and reception optical axes is relaxed. Hence no axis adjustment 
mechanism is necessary, the apparent optical axis parallelism can be improved, and the 
optical transmission and reception performance over long distances can be further 
improved using a simple device construction. 

4. Brief Description of the Drawings 

Fig. 1 is an overall block diagram of an optical distance measurement system for 
marine operations, illustrating one embodiment of this invention; Fig. 2 and Fig. 3 are 
front views of the distance-measurement equipment at the land station and the ship berth 
station, respectively; Fig. 4 is a front view of an optical transmission/reception system, 
showing an example of the arrangement of light-transmitting and light-receiving lenses; 
Fig. 5 is a diagram of the driving circuit for the light-emitting elements; Fig. 6 is a circuit 
diagram and waveform diagram showing another example of the driving circuit of the 
light-emitting elements, and a waveform of optical transmission signals; Fig. 7 is a 
diagram showing in summary an LED with lens used as a light-emitting element and 
light-transmitting lens; Fig. 8 is a front view of an optical system, showing another 
example of the arrangement of light-transmitting and light-receiving lenses; and, Fig. 9 is 
a diagram showing in summary the optical system of an example in which the servo 
optical system and distance-measurement optical system have a common optical axis. 
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(57) Abstract: 

PURPOSE: To realize the transmission 
and reception of light in a distance 
longer than ever, by arranging a great 
number of transmission lenses with 
small diameters in the neighborhood of 
a reception lens annularly while the 
reception lens is formed as a lens with 
a large diameter. 



a 



CONSTITUTION: The titled device is 
equipped with the reception lens 13 
with the large diameter provided with a 
light receiving element 15 on an 
optical axis, the transmission lens 12 
with the small diameter, plural sets of 
which are arranged in the 
neighborhood of the reception lens 13 
annularly and provided with a light 
emitting element 14 on the optical 
axis, and a transmitter-receiver 
connected to the light receiving 
element 15 and the light emitting 
element 14. Therefore, it is possible to 
increase light receiving sensitivity with 
comparatively simple constitution and 
by forming the reception lens 13 
larger, and to easily increase a light 
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number of transmission lenses 12 are 
arranged along a concentric circle 
around a light receiving optical axis, it 
is possible to respond with an average 
transmitting optical axis. 
Consequently, even when the deviation 
of an angle between the receiving 
optical axis and an individual 
transmitting optical axis exists to a 
certain extent, the difference of the 
angles is offset by averaging a great 
number of optical axes, and an average 
transmitting optical axis coincides with 
the receiving optical axis. In such a 
way, the distance margin of the 
transmission and reception of the light 
can be extended. 
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